Pericardial distensibility curves and chronotropic changes accompanying pericardial distension were investigated in 24 isolated perfused frog hearts. The distensibility curve had a slow phase and a steep phase attributable to elastic and collagen components of the pericardium. Changes in pericardial pressure were accompained with reversible changes in the heart rate. The mean control rate rose from 33/min to a peak of 44/min (33% acceleration) as the pericardial pressure was raised from 0 to 4mmHg.
I
NTRAMURAL mechanical stretch increases the heart rate in isolated amphibian1)-3) and mammalian hearts4) and acts as a fundamental stimulus for pacemaker activity.2),5) It was considered pertinent to see if pacemaker response could be altered by changes in extramural pressure through pericardial distension. Although cardiovascular effects of experimental and clinical pericardial effusion and tamponade have been investigated in dog6)-9) and man10) no study appears to have focussed attention to chronotropic changes .
Some of these investigators did not record heart rate while others ignored the chronotropic changes.
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MATERIAL AND METHODS
Experiments were undertaken to study the effect of pericardial distension on pacemaker response in hearts of pithed or decapitated frogs perfused in situ with frog Ringer's solution (NaCl, 102mM; KCL, 1mM; CaCl2, 1mM; NaHCO3, 1mM; glucose, 5mM; pH 7.6) at room temperature at a constant pressure of 3cm Reinger. The vagosympathetic nerves were sectioned as an additional precaution. The sinus perfusion pressure was regulated by an overflow device and the velocity of flow was kept constant with the help of a specially designed perfusion cannula introduced into the posterior vena cava. A needle or polythene catheter was securely placed in the pericardial cavity and the pericardial pressure was altered by injecting or withdrawing the same stock of frog Ringer which was used for perfusion, at room temperature. Air insufflation was also conducted. The Ringer or air was injected in small graded steps or in sudden large steps. The pericardial pressure was monitored on a reservoir type narrow limb Hg-manometer as well as on an electronic pressure meter through a Statham pressure transducer. The sinus venosus of the heart was the common reference "zero level" for the pressure monitoring and recording system. After setting the common zero the response of the pressure meter and the Hg-manometer was matched so that there was a good correlation between the mean pressure given by the transducer and the Hg-manometers. The heart rate was monitored on an electronic rate meter triggered by the ventricular complex of the electrocardiogram (ECG). The ECG and pericardial pressure were displayed on a duotrace oscilloscope and were recorded on a heat sensitive chart paper on 2 channels of an electronic recorder. The entire system was thoroughly checked for any possible leak several times during each experiment. In 5 experiments the effect of change in the temperature, atropinisation and beta adrenergic blockade on chronotropic changes due to pericardial distension was also investigated.
RESULTS
Experiments were conducted on 24 frog hearts. The relation of fluid volume in the pericardium to pericardial pressure was investigated in 10 hearts. Stepwise increase in fluid volume produced slow rise in pericardial pressure till 3ml had been accommodated. Further increase in fluid volume caused very steep rise in the pericardial pressure. Fig.1 shows the pericardial distensibility curve in asystolic, hypodynamic and dynamic hearts. The distensibility curve was shifted to the left as the dynamic condition and tone of the ventricle decreased. The shape of the distensibility curve is similar to that of great vessels and other tissue having elastic and collagen fibres. The slow and steep phases of the distensibility curve have been attributed to elastic and collagen components respectively (Nelemans, 1940) .
The relation of pericardial pressure to heart rate was investigated in 14 hearts. Chronotropic changes with pericardial distension were observed in all hearts (Table I) . Fig.2 illustrates the chronotropic changes due to peri- cardial distension and suction of fluid out of the pericardium in heart 2 ( Table  I) . On increasing the pericardial pressure in graded steps the heart rate increased to reach a peak value at 3 to 5mmHg pressure. With each increment of pericardial pressure the heart rate increased within 30sec to a high value but stabilized at a lightly lower value 1 to 2min after raising the pericardial pressure ( Fig.2 inset, top right). Increase in the pericardial pressure above 5 to 6mmHg produced progressive deceleration which was very pronounced above 8 to 10mmHg pericardial pressure when the rate decreased considerably below control value. Table I shows the heart rates at different pericardial pressures. The mean control heart rate rose from 33/min to reach a peak value of 44/min (33% acceleration) at 4mmHg pericardial pressure. Further increase in the pericardial pressure caused progressive reduction in mean rate to 13/min (60% deceleration) at 20mmHg. Analysis of rate changes in individual hearts showed that generally the increase in the rate at low pericardial pressures (0 to 4mmHg) was larger in hearts with low initial Jap. Heart J. May, 1974 Table I . Heart Rates at Different Pericardial Pressures rates. However there was no correlation between the initial rate and the nature or magnitude of response. The distension acceleration response was observed in 8 out of 14 (57%) hearts. Progressive bradycardia at high pericardial pressure (6 to 20mmHg) occurred in all hearts. Statistical analysis of the data regarding control, maximum and minimum heart rates for all the 14 hearts and peak acceleration rate in 8 out of these 14 hearts, is given in Table II which indicates that the values of minimum rates as compared with the initial control rates, are statistically highly significant (p<0.001). The values of maximum rates are apparently not significant (p<0.02). It is, however, quite obvious from Table I that 6 hearts (3, 6 , 7, 8, 9, and 12) did not show any acceleration. If the peak rates of the remaining 8 hearts which actually showed distension acceleration are compared with control rates, the acceleration response becomes significant (p<0.01). Thus significant acceleration occurred in 8 (57%) out of 14 hearts while significant bradycardia occurred in all hearts with pericardial distension. The acceleration response at low pericardial pressure increased by increasing the velocity of inflow of fl uid into the pericardium. Thus sudden injection of large volume of fluid in one step produced greater acceleration than that observed with the same volume injected in slow graded steps. The pericardium became leaky when it was subjected to distension with very high pressures (20 to 25mmHg). Change in chronotropic response in heart 2 ( Table I) pressure from 2 to 4mmHg, the heart rate increased from 26/min to 30/min within 30sec but decreased later to stabilize at 28/min, 2min after increasing the pericardial pressure. Fig.3 shows extracts of record of heart Fig.3 . Extract of record of the same heart as in Fig.2 , illustrating some features of pericardial distension. Speed 10mm/sec.
In each panel: upper trace, ECG; lower trace, mean pericardial pressure in mmHg. Panel A, before and Panel B after the placement of catheter in the pericardium as indicated by rise in the pericardial pressure. Panels C and D show acceleration at 5mmHg pericardial pressure. Further distension produced progressive bradycardia with atrioventricular block up to 20mmHg (not shown here). Panels E and F show sinoatrial acceleration with progressively falling pericardial pressure due to a slow leak in the pericardium which usually developed on distending with very high pressures (20 to 25mmHg).
As the leak developed the bradycardia due to tamponade cleared and sinoatrial chambers accelerated but the atrioventricular block persisted for some time. Subsequently the leak was sealed and the experiment was continued. At the end of the experiment the 2 (same heart as in Fig.2 ) illustrating some features of pericardial distension.
Pericardial distension was accompanied by reduction in beat strength and where the heart beat appeared to have ceased at high pericardial pressure, the electrical activity was still present, although the ventricular complexes were attenuated. The electrocardiogram showed increase in sinoatrial conduction at low pericardial pressures. At high pericardial pressures sinoatrial and atrioventricular blocks occurred. Conduction blocks were also observed when the pacemaker accelerated suddenly to high rates. Withdrawal of fl uid or cutting open the pericardium after tamponade restored the strength of beat, conduction blocks disappeared and the heart accelerated with restoration of ventricular complex voltage (Fig.3) . Hearts of decapitated and pithed frogs behaved identically and the results of pericardial distension with air were similar to these observed with Ringer's solution. that pericardial distension at low pressures produced acceleration while distension with high pericardial pressures produced bradycardia. The initial slow phase of the pericardial distensibility curve is attributable to the stretching of the elastic tissue while the steep phase is due to involvement of plastic action of collagen tissue.12) The initial acceleration of heart rate could be due to stretch of pacemaker with elastic stretch at low pericardial pressure while bradycardia and conduction blocks which occurred at high pericardial pressures may be the result of over-stretch or relaxation of pacemaker due to altered anatomy of the heart chambers inside the pericardial sac. Pacemaker cell stretch is not related to release of stored transmitters as peripheral autonomic blockade with atropine and propranolol did not alter the pacemaker response to stretch. The response of pacemaker to extramurally applied mechanical stretch was present over a wide range of temperature but bradycardia became a prominent feature at higher temperatures as the initial heart rate rose. This change in the pattern of response with temperature was also evident from the comparison of tests conducted in the winter and summer months. In a limited sense, the nature of pacemaker response appeared to be related to initial rate (or temperature) although statistical validation was not significant.
